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Introduction
Kalanchoe pinnatum
Kalanchoe pinnatum (syn. Bryophyllum pinnatum) is a succulent plant that is
notable for developing small plantlets on the outer edges of its leaves, when its leaves are
detached (Kulka 2006). These plantlets eventually drop off and root, which is a unique
way for the plant to asexually reproduce. In most other plants, leaves exhibit detenninate
growth, meaning once they reach their maturity, they do not continue to grow.
Indetenninate growth is usually found within the root apical meristem and the shoot
apical meristem (SAM) of the plant. This area contains "self maintaining, slowly dividing
cells" from which organs develop and is located at the shoot apex (Shani,

el

al. 2006).

These are undifferentiated cells; that is, their physiology or function has not become
specialized yet. An image of this area is shown in Figure 1.
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Figure 1. Image of plant shoot apical meristem obtained from www.kidsgardening.com.
DNA and genes
The appearance of the plantlets along the margin of the leaf is controlled by the
genetic material of the cell, Deoxyribonucleic acid (DNA). DNA is the double stranded
genetic material found in all organisms. Each strand of nucleic acid run antiparallel to
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each other and is made up of nuc]eotides, which are units made of a phosphate group, a
deoxyribose sugar and a nucleic acid base. The two strands of DNA are held together by
the hydrogen bonds between complementary bases: adenine (A) forms hydrogen bonds
with thymine (T) and guanine (0) binds with cytosine (C). This complementary base
paring is shown in Figure 2.
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Figure 2. Image showing the hydrogen bonding between bases involved in DNA. Image
obtained from http://users.rcn.com/jkimball.ma.ultranetlBiologyPages/B/BasePairing.gif.
In DNA replication, these Hydrogen bonds are broken by special proteins. Each
strand is used as a template for reproduction of the opposite strand. DNA can then be
used as a template for the transcription of ribonucleic acid (RNA), specifically messenger
RNA (mRNA). This is shown in figure 3.
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Figure 3. Visual representation of RNA transcription. Image obtained from
http://biology. unm.eduiccouncil/Biology_1 24/Images/transcription.gif.
RNA is a nucleic acid, like DNA, but there are a few key differences. First, RNA
is made up of ribose sugar instead of deoxyribose sugar. Also, instead of adenine's
complementary base being thymine, as it is in DNA, it binds with uracil.
A gene is a specific sequence of DNA that codes for specific characteristic(s) of
an organism. Specifically, homeotic genes are those genes that control the overall body
plan of plants and animals by regulating the developmental fate of groups of cells. Cell
differentiation is the process by which undifferentiated cells change morphology,
physiology or both. These homeotoic genes aid in the control of cell differentiation.
Inside these homeotic genes are sequences called homeoboxes. These homeoboxes are
approximately 180 nucleotides long and are widely conserved among all mulitcellular
organisms. An example of a homeotic gene is /moiled], which was the first homeobox
gene to be identified in maize (Nishimura, et al. 2000). Based on similarities in the
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sequences of DNA homeobox region, plant homeobox genes can be broken down into
different classes (Kerstetter, et at. 1994). Class 2 homeobox genes are found expressed
throughout the plant, whereas Classl homeobox genes, a focus of this research project,
are normally found only within the SAM. However, when ectopically expressed in the
leaf of plants, meaning expressed in an abnormal place, they can cause severe alterations
in the morphology ofleaves (Hake, et al. 1995).
Examples of knotted-like genes that affect the morphology of the plant can be
found in many studies. For example, SHOOT MERISTEMLESS (STM) and WUSCHEL
(WUS) are normally found in the meristem of Arabidopsis and are thought to prevent the

premature differentiation of stem cells (Gallois, et at. 2002). These genes are not
normally found in already differentiated plant leaf cells and therefore cells in this area are
usually not able to divide after already differentiating. In this study, they tested to see if
ectopic expression of these genes could revert differentiated tissues back into
continuously dividing cells. Their result showed that, in fact, STM and WUS activated
meristem function, which included cell division.
Another study showed that ectopic expression of knotted] in the lateral veins of
the maize leaf blade caused a disturbance in the normal differentiation of those cells
around the vein. The cells were observed to proliferate, forming outgrowths, or "knots"
of tissue, the characteristic that gives this gene its name (Sinha and Hake, 1994).
In another study, the overexpression of a knotted] -type homeobox gene in
tobacco plants caused the leaf morphology to develop in a number of different ways
(Nishimura, et al. 2000). The leaves grew more than was expected, causing their
morphologies to be normal, curved, wrinkled, butterfly, or dwarf depending on which
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knottedl-type gene was specifically overexpressed. These changes in morphology were
due to the different rates of development on each side of the leaf blade. This study
indicated that class! knottedl genes do in fact playa role in leaf morphology.
In another study still, asymmetricl (asl) and asymmetric2 (as2) were shown to
promote leaf differentiation in Arabidopsis. The leaves of the mutants grown in this study
showed some degree ofIobing or serration as compared to the wild type, which is another
example of how misexpression of the knottedl genes can alter leaf morphology. This was
thought to be performed by repressing the knottedl-type homeobox (knox) gene (Ori, et

al.2000).
These studies support the hypothesis that the Kalanchoe homobox 1 (Khl) gene,
an ortholog of the knottedl gene, should be found in Kalanchoe pinnatum and playa role
in controlling plantlet growth on leaves. There is abnormal growth activity on the leaves
of this plant, which indicates that there may be expression of a knotted-like gene
occurring in the leaves of this plant. To determine whether or not this is true, in situ
hybridizations were performed on tissue samples of Kalanchoe pinnatum. If there is
expression of the Khl gene, we would expect to see indications of it with the in situ
hybridization.

In situ Hybridization
In situ hybridization is a method of localizing and detecting specific mRNA
sequences in tissue sections and cells by hybridizing the complementary strand of a
nucleotide probe to the sequence of interest. Before the actual hybridization process takes
place, prehybridization, or blocking, must first be performed on the samples. Without
blocking, a great deal of non-specific binding will take place, so the prehybridization
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solution applied to the tissue will block aJl of those places where the probe would bind
non-specifically. Often, as in this experiment, denatured salmon sperm is used within the
prehybridization solution because it is cheap and easy to work with. The prehybridization
solution itself is the same as the hybridization solution only without the probe.
There are a variety of probes that can be used which include radioactive,
fluorescent, luminescent, and colorimetric probes. Radioactive probes were used as the
original way to label DNA and are most sensitive. Fluorescent, luminescent and
colorimetric probes are also effective ways to visualize the probe hybridization. In this
experiment, a colorimetric method was used.
Antibodies are immunoglobins or proteins of the immune system. There are many
different subtypes, but the one used in this experiment is the IgG subtype. The IgG
immunoglobin is made up of four different amino acid chains, two identical heavy chains
and two identical light chains. These chains are grouped together to fonn somewhat of a
"Y" shaped protein. The binding sites at the tips of the "Y" are the important and highly
variable amino acid sequences which are involved in antigen binding. These sites have
extremely high affinity for antigens.
Antibodies are often used as detectors of probes such as biotin and digoxygenin
(DIG). In this experiment, DIG-ll-UTP was incorporated during the synthesis of the
probe to which the primary antibody attached. DIG itselfis a large, bulky group attached
to a nucleotide-like substance. Its chemical structure is shown in Figure 4.
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Figure 4. Chemical structure of digoxigenin (DIG)-labeled nucleotide. Image obtained
from http://www.basic.northwestem.eduibiotools/imagesIDIG.jpg.
The primary antibody, which has an enzyme that catalyzes the reaction, attaches to the
DIG probe. When a substrate is supplied, this reaction produces a colored precipitate and
therefore, wherever the probe is located, a color will appear and accumulate on the band
indicating the fragment containing the target DNA sequence. Common enzymes used in
these types of detection include horseradish peridoxidase, p-galactosidase, luciferase, and
alkaline phosphatase. In this experiment, the alkaline phosphatase acts as a catalyst for
the reaction with BCIP whose product goes on to react with NBT, producing a brownishpurple precipitate.
Once the antibodies are produced they can then be used with the probe. For
example, in this experiment, the anti-DIG antibody only sticks to mRNA with DIG
attached to it. This is the primary antibody and is colorless. The enzyme was then directly
attached to this antibody, but many times a secondary antibody must be added, which has
the enzyme chemically covalently bonded to it. For example, a goat-anti-mouse antibody
is the secondary antibody for an anti-mouse antibody (the anti-mouse acts as the antigen
for the goat-anti-mouse antibody). The goat-anti-mouse would have the enzyme bonded
to it, which would be needed for detection purposes.
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In summary, I plan to determine whether or not the Khl gene is expressed in the
developing leaves of Kalanchoe pinnatum. If it is indeed expressed, it is expected that the
RNA probe will attach to the mRNA found within the nuclei of the apex cells of the plant
and will then be able to be detected. To do this, samples of the apex of the plant will be
obtained and in situ hybridization will be performed on them. Alkaline phosphatase, a
colorimetric indicator will be used as a conjugate to an antibody and the nuclei of the
cells found in the apex will tum a blue-purple color if the Khl gene is in fact expressed.
Materials and Methods
Sample preparation: fixation, dehydration and clearing

Thirty-six Kalanchoe pinnatum plantlets were cut from the edge of a fallen leaf
and grown in individual pots containing SunGro Metro Mix Special Blend potting soil.
The plants were grown until at least the 3rd pair ofleaves (approximately 3-4 weeks).
This was the P# leaf, meaning plastochron 3. Plastochrons are a way of measuring the
age of a pI ant based on the rate of initiation of undifferentiated leaf primordia. The
innermost developing primordia is Pl, while the more developed ines are named with
higher numbers. An image of developing primordial is shown in Figure 5.
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Figure 5. Scanning electron microscope (SEM) image of Kalanchoe delangonesis
developing primordia labeling the PI, P2, P3 and SAM. Image obtained from the
research lab of Dr. Philip Villani.
Some plants were left growing a bit longer, so a wider range of development could be
examined. At this time, plant tips were cut off using a clean, sharp razor blade so they
contained the apical meristem as well as a small piece of the stem. Before being cut, the
P3 leaflength was measured (in em), so they could be categorized into early, middle and
late stages ofPl development (Table 1). It can be assumed that the larger the P3 leaves,
the more developmentally mature the PI and P2 leaf primordia will be in the area
surrounding the apex.
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Early (vials 443)
Middle (vials 439 and 440)
Late (vials 448 and 449)
1.2 cm
2.3 cm
5.5 cm
2.0
6.6
1.1
2.1
6.5
1.4
1.3
2.2
5.9
1.5
2.9
4.9
3.2
5.2
1.6
1.8
2.9
3.1
1.5
1.9
3.9
1.6
1.6
6.2
1.3
1.6
4.5
1.4
2.6
1.7
1.4
1.2
1.5
Table 1. A catalog of the measured lengths (cm) of the length ofP3 stage leaves of the
Kalanchoe pinnatum plantlets to be used for in situ hybridization to determine the
presence of the knottedl-like gene, Khl. Only five samples were used in this experiment
(one early stage sample, two middle stage samples and two late stage samples).
As each plant was cut, the pieces were immediately placed directly in a vial
containing 4% paraformaldehyde fixative solution to stop the process of decomposition
and to harden and preserve the tissue samples. The paraformaldehyde solution was made
using 1X Phosphate buffered saline (PBS) and 4% (w/v) Fisher Scientific
paraformaldehyde (T3 53-500). The vials were placed in a Nalgene vacuum for 15
minutes to make sure that the fixative was completely infiltrated into the tissue. The vials
were then placed into the General Electric refrigerator overnight. The following day, a
graded ethanol series to dehydrate the tissue was performed using 30%, 50%, 70%, 85%,
95% and 100% ethanol (w/vaqueous). For each step in the series, the tissue was
submerged in small vials containing the ethanol solution for at least one hour. The liquid
was removed from the vials each time by using a vacuum with Pasteur pipet attached to
it.
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The tissue was then cleared by passing it through a series of solutions for at least
one hour in each solution to removed the ethanol completely, as it is not soluble with the
wax used for embedding. The series included 50% ethanoll50% xylene, 100% xylene and
another 100% xylene.

Sample preparation: infiltration, embedding and sectioning
Once the tissue was in xylene solution, Fisher Paraplast®X-tra Tissue Embedding
Medium (Cat No: 23-021-401) was slowly added, by adding 3-4 chips at a time to the
vials. These vials were kept at slightly higher than room temperature by placing the vials
atop the Fisher Scientific lsotemp Oven until the Paraplast chips would no longer
dissolve in the xylene. At this point, the vials were placed in the incubator at 54°C and
Paraplast chips were continuously added every few hours as they dissolved. When the
xylene had been saturated with Paraplast, half of the solution was removed and replaced
with molten Paraplast, which had simply been melted in the incubator. This process was
continued until Paraplast had completely infiltrated the tissue samples. The tissue
samples and Paraplast were then poured into paper boats and stored as wax blocks in the
refrigerator until needed for sectioning.
To section the tissue samples, each sample was cut out of the large wax block into
a smaller piece and mounted on a wooden block in preparation for microtome sectioning.
The sample was then cut longitudinally through the shoot apical meristem (SAM) into
thin 81l-m slices. The slices were placed on a warmed (52°e) Poly-L-Lysine coated slide
covered with diethylpyrocarbonate (DEPC)-H 20 to allow the ribbon to flatten out. The
Poly-L-Lysine was used to help secure the sample to the slide. The water on the slide was
completely removed by using a paper towel along the edge of the slide and allowing it to
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wick it off and dried at room temperature by draining vertically. Each slide was then
examined using a Nikon light microscope to determine the ones containing the best
section of the apical meristem for each plant. The sections were stored in the General
Electric refrigerator. Table 2 catalogs the sectioned samples.

Early stage (13 samples)
443 A #4
443A #5
443B #7
443B #8
443c #4
4430 #4
4430 #5
443F #10
443 F #11
4431 #2
4431 #4
4432 #3
4432 #4

Middle stage (31 samples)
Late stage (15 samples)
448 A #12
439 A #9
448 B #4
439B #9
439 B #10
448a #5
439 B#11
448a #6
439c #4
4480#6
448 E #4
439c #5
439c #6
448F #6
449 A #5
439c #7
439 c #8
449 a #2
439 0 #10
449 a #4
439 0 #12
449 a #6
439E #9
449c#5
439 E #10
449c #6
439 E #11
449 0 #6
449 0 #10
439E #12
439 F #5
439 F #6
439 G #5
439G #6
439 G #7
440 A#7
.
440 A #8
440B #2
440 B #4
440 c #5
440c #6
4400#1
440 F #5
440F #6
440, #5
4402 #3
Table 2. A catalog of labeled Kalanchoe pinnatum samples organized into respective stages of
development (early, middle and late) based on growth time prior to removing the apical meristem
and fixing the tissue sample. Slides used for this experiment were randomly chosen from each
stage and include 443 2 #4, 439 A #9, 4402 #3, 448 A #12 and 449 0 #10.
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Probe synthesis
The RNA probe to be used for in-situ hybridization was made using the Roche
DIG RNA labeling kit (SP6/T7). Before labeling the RNA, the gene from which the RNA
could be transcribed first needed to be obtained. Dr. Philip Villani had previously isolated
the gene and had it placed in the pCR4-TOPO plasmid. The partial sequence of the Khl
gene is shown below in Figure 6 and the pCR4-TOPO plasmid map is shown in Figure 7.

TGTCAAAAGATAGGAGCACCACAAGGCGGAAGAGCACC
ACAAGGCCGAGGAGCACCACAAGGCGGAGGAGGGGCAC
AAGTCAGGGGAGCACAAGGAAGGCCTGCTGGACAAGAT
CAAGGACAAGATCCACGGAGACGGAGAGAAGAGCGGCG
AGCATCACGAAGGCGAGAAGAAGAAGAAAGGGAAGAAG
AACTA
Figure 6. Partial sequence of Khl gene isolated from Kalanchoe pinnatum, from which
the RNA probe was made.
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Figure 7. Vector map ofpCR4-TOPO plasmid used with insert containing Khl gene for
use in making DIG-labeled RNA probe for in situ hybridization. Image obtained from
http://tools.invitrogen.com/contentJsfs/vectors/pcr4topo_map.pdf
The plasmid first needed to be linearized and was done so by using the specific restriction
nuclease, Pstl (New England Biolabs). Its recognition site is 5'-CTGCN"G-3', which is
only found in one spot within the plasmid, so it left the gene in tact, while still cutting the
plasmid into a linear piece. Another vial was also prepared, which did not contain the
restriction enzyme to use as a control for the gel electrophoresis and to confinn that the
plasmid was indeed linearized. The digest was run on a 1% Agarose I gel in 0.5%
TrislBorate/EDTA (TBE) buffer and visualized via ethidium bromide fluorescence. An
image of this gel is shown in Figure 8.
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Once it was confirmed that the plasmid had been cut, it needed to be cleaned and
purified. This was done by phenol/chloroform extraction and ethanol precipitation. It was
resuspended in

20~1

Tris/EDTA (TE) buffer. At this point another electrophoresis gel

was run again on a 1% Agarose I gel in 0.5% TBE buffer and visualized via ethidium
bromide fluorescence, this time to confirm that the plasmid was still present had not been
destroyed or lost in the washing. The load was prepared according to Table 3. The image
of this gel can be seen in Figure 9.
Reagent name
Quantity (,..,1)
pCR4-TOPO restricted with Pst!
I
19
H2O
6x loading dye
5
Total
25
Table 3. The reagents and their quantities used in the gel electrophoresis of linearized
plasmid containingKhl gene isolated from Kalanchoe pinnatum.
After confirmation by gel electrophoresis, we then used the plasmid containing
the Khl gene to label single stranded RNA probes of known length with DIG-UTP
according to the Roche labeling kit. First I ~g purified template DNA (linearized pCR4
TOPO plasmid containing the Khl gene) was added to a sterile RNase-free reaction vial
containing

12~1

sterile water to bring the volume to 13 ~l. The vial must be kept on ice

and the reagents added according to Table 4.
Reagent name
Amount (~l)
Plasmid DNA
I~g
12
Sterile H2O
lOx NTP labeling mix
2
lOx transcription buffer
2
1
Protector RNase inhibitor
RNA Polymerase T7
2
Total
20
Table 4. The reagents and their quantities used for the DIG RNA labeling procedure for
the Khl gene found in Kalanchoe pinnatum.
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The vial was gently mixed and centrifuged briefly to draw all liquid to the bottom of the
vial. It was incubated in a water bath for 2 hours at 37°C. The vial was then removed and
2f!1 RNase-free DNase I was added to degrade the DNA template since the labeling
reaction was complete. During the labeling reaction, a DIG-1abeld RNA probe was being
transcribed from the pCR4-TOPO plasmid containing the DNA template for the Khl
gene. The presence of a T7 promoter within the plasmid was important, as this is the
starting point for the RNA probe synthesis by the T7 RNA polymerase. This was again
incubated in the water bath at 37°C for 15 minutes. The DNA degradation reaction was
stopped by adding 21.d 0.2M ethylene diamine tetraacetic acid (EDTA) (pH 8.0). This
probe was stored on ice until needed.
In-Situ Hybridization Pretreatment
One the probe had been assembled and stored on ice, the five samples on slides
4432 #4, 439 A #9,4402 #3, 448 A #12 and 4490 #10 were then passed through the
following solution series for pretreatment shown in Table 5. The entire pretreatment
procedure was performed to get rid of the wax in the sample and to get it back into
ethanol and a water-soluble state so the hybridization could occur.
Xylene
Xylene
Methanol
100% ethanol
100% ethanol
95% ethanol
85% ethanol: 0.85% NaCl
70% ethanol: 0.85% NaCl
50% ethanol: 0.85% NaCl
30% ethanol: 0.85% NaCl
0.85% NaCI
lXPBS
a.2M HCl
H2 0

10 min
10 min
15 min
1 min
1 min
1 min
I min
1 min
1 min
1 min
2 min
2 min
20 min
rinse

Kirkpatrick 18
2X SSC
20 min
rinse
H 20
lX PBS
2 min
0.85% NaCl
2 min
30% ethanol: 0.85% NaCl
1 min
50% ethanol: 0.85% NaCl
1 min
70% ethanol: 0.85% NaCl
1 min
85% ethanol: 0.85% NaCI
I min
95% ethanol
1 min
100% ethanol
1 min
100% ethanol
I min
Table 5. The solutions used in the pretreatment for in situ hybridization of the DIG
labeled RNA probe to the Khl gene in Kalanchoe pinnatum in order to remove wax from
the sample and reintroduce it into an ethanol/water-soluble state.
The slides were stored in ethanol atmosphere in theGE refrigerator.

Prehybridization and Hybridization
A fonnamide atmosphere was first obtained by placing two layers of paper towels
to the bottom of Tupperware chamber, wetting them with 50% fonnamide and covering
them with parafilm. Fonnamide helps to increase the stringency at lower temperatures,
which is important in the annealing of the RNA probe to the gene. The slides were then
placed in the chamber and 250fll prehybridization solution (50% fonnamide, IX salts, IX
Denhardt's, 175J..lg/0.5ml salmon spenn DNA, I OU/ml RNase inhibitor) was placed on
each slide with a piece of parafilm on top. The slides were incubated for at least one hour
at room temperature and for one hour at 45°C. At this time the hybridization solution
(50% formaldehyde, 1.25X salts, 175flg/0.5ml salmon sperm DNA, 1.25 Denhardt's,
12.5 U/ml RNase inhibitor) was prepared and warmed to 45°C as well and then the probe
(25fl] probe + 25J..ll formamide/ 200fll hybridization solution) was added to it. The
parafi1m was then removed from the slides and the prehybridization solution allowed to
drain off. The slide was placed back in the chamber and the hybridization solution and
probe was placed onto the slide and allowed to incubate overnight at 45°C.
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Posthybridization washes
The hybridization solution was allowed to drain off and the slides were then
rinsed with 5X sodium chloride/citrate (SSC)/50% formamide by dipping them in the
solution. They were left in the solution, so as not to dry out and incubated 4-5 hours at
45°C. This is a low stringency solution which is used to help the probe bind to the
samples. After incubation, the slides were rinsed with NTE solution (0.5M NaCI, 10mM
Tris pH 8.0, 5mM EDTA) and incubated again, this time in wanned NTE solution for 30
min at 37°C. The slides were washed twice using NTE solution wanned to 37°C, which
was used to be sure all of the lower stringency solution was removed from the samples.
The slides were then incubated in 0.5X SSC/50% formamide for I hour at 45°C, which
was an increased stringency solution used to increase the specificity of the probes bound
to the samples. The slide were then rinsed in IX PBS for 5 min and stored overnight in
the refrigerator.

Detection
The slides were then incubated with gentle agitation for 45 minutes in the
blocking solution (0.5% blocking reagent, 0.3% Triton-X 100, 100mM Tris pH 7.5,
150mM NaCl). This solution was used to prevent any non-specific binding of the
antibody to anything that is not the probe in a similar way that the salmon sperm DNA
was used to prevent any non-specific binding of the probe to any other DNA sequences
that are not the Kalanchoe homeobox 1 gene sequence. The blocking solution was
replaced with buffer A (I % BSA, 0.3 % Triton X-I 00), 100mM Tris pH 7.5, 150mM
NaCl) and incubation was continued with gentle agitation. This solution was used to
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provide the appropriate pH and ionic strength for the antibody/enzyme conjugate protein.
The slides were placed in the same kind of chamber used for hybridization (with the
paper towels wetted with water) and

500~1

antibody solution (anti-Digoxigenin-AP

I: 1000 in Buffer A) was added to each slide and covered with parafilm. This was let set
to incubate for one hour at room temperature and then the parafilm was removed and the
slides placed in a slide rack in a jar containing buffer A. With gentle agitation, the slides
were rinsed for 20 min and this was done three times. The slides were then briefly
washed twice in detection buffer (lOOmM Tris pH 9.5, 100mM NaCI, 50mM MgCh) for
five minutes each and placed back in the chamber.

500~1

color substrate solution

(200~1

nitro blue tetrazolium chloride (NBT)/5-Bromo-4-chloro-3-indolyl phosphate (BCIP)
stock solution in 10ml detection buffer) was added to each slide and covered with
parafilm and kept in the dark for] -2 days at room temperature being careful not to shake
or disturb the slides during development. The reaction was quenched by removing the
parafilm and dipping the slide in IX TE-buffer for a couple of minutes. The buffer was
drained off and the edges of the slide blotted with a paper towel. 2-3 drops of aqueous
mountant (mineral oil) was added to the slides and a coverslip added on top.

Results
In order to make sure the plasmid had indeed been cut by the restriction enzymes,
an electrophoresis gel was run. The image can be seen in Figure 8.
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Figure 8. Image of plasmid DNA run in a 1% agarose I in 0.5% TBE buffer visualized
via ethidium bromide fluorescence to confinn that pCR4-TOPO plasmid had been
linearized by restriction endonuclease, Pst]. (KEY: Lane 2 - Hyper II ladder marker;
Lane 3 - pCR4-TOPO plasmid digested with Pst!, Lane 4 - uncut pCR4-TOPO plasmid)
The plasmid which had been cut was then cleaned and purified by a
phenol/chlorofonn extraction and ethanol precipitation. After cleansing another gel
electrophoresis was run to confinn that the linearized plasmid was still present and the
DNA had not been lost in the process. This image can be seen in Figure 9.
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Figure 9. Image ofpCR4-TOPO plasmid containing Khl gene run in 1% agarose I gel in
0.5% TBE buffer visualized via ethidium bromide fluorescence to confirm linearized
plasmid containing Khl gene was had not been lost in phenol/chloroform extraction and
ethanol precipiation. (Lane 3: Hyper II ladder marker; Lane 4: pCR4-TOPO plasmid
digested with PstI,).
After hybridization and detection, images of the slides were captured using a
microscope camera. The blue-purple stain seen in the images appears to be in the nuclei
of all of the cells in the apical meristem of Kalanchoe pinnatum. These images can be
seen in Figures 10-14.
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Figure 10. The apex of a late stage Kalanchoe pinnatum plantlet hybridized in situ with
O.51..Ll of DIG labeled RNA probe and detected with alkaline phosphatase. The image was
taken at lOOX magnification.
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Figure 11. The apex of a middle stage Kalanchoe pinnatum plantlet hybridized in situ
with 1.01l1 of DIG labeled RNA probe and detected with alkaline phosphatase. The image
was taken at 100X magnification.
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Figure 12. The apex of a middle stage Kalanchoe pinnatum plantlet hybridized in situ
with 1.01ll of DIG labeled RNA probe, detected with alkaline phosphatase. The image
was taken at 1OOX magnification.
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Figure 13. The apex of a middle stage Kalanchoe pinnatum plantlet hybridized in situ
with 2.0f.ll of DIG labeled RNA probe, detected with alkaline phosphatase. The image
was taken at 200X magnification.
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Figure 14. The apex of an early stage Kalanchoe pinnatum piantlet hybridized in situ
with 4.01l1 of DIG labeled RNA probe, detected with alkaline phosphatase. The image
was taken at 100X magnification.
Even though various quantities of the DIG-labeled RNA probe were used, the
intensity of the staining did not seem to change with increasing quantities of probe.
Figures 10-13 seem to show the same level of intensity of staining. Figure 14, where the
highest amount of probe was used, looks different than the rest of the slides. There is no
bluish background hue, and the staining does not seem to be localized in the nuclei of the
cells.
Discussion
The results of this experiment were difficult to interpret. Through the course of
hybridization and detection, the control slide, containing no probe, was lost. This makes
it difficult to draw conclusions about the remaining slides (Figures 10-14), as the
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intensity and distribution ofthe blue-purple dye cannot be compared with a sample where
no probe was added. Clearly, the probe was detected, which is shown by the blue-purple
coloring in Figures 10-14. The abundance ofthe blue background color makes it difficult
to tell exactly where the probe for the Khl gene is located within the apex. Figure 14,
which contains the least amount of blue background color shows that the gene was
detected all over the sample, not just in the apex, as hypothesized.
There is much more work that needs to go into the investigation of the Khl gene
in this plant. Due to time constraints, the experiment was not able to be repeated and
modifications made. For example, more samples need to be hybridized and compared to a
control. As the control was lost, this was unable to be done, but improvements would be
made to the procedure and the process repeated many times, so as to yield a larger
number of samples to examine.
During the color detection, the sample was likely overexposed, which would
account for the blue-purple background color. This could have been prevented in a few
ways. First, the color detection reaction could have been run for a shorter period of time,
which would not have allowed as much of the colored precipitate to form on the slide.
Next, the stringency of the post-hybridization washes could have been increased by
increasing the temperature of the solution, decreasing the ionic strength or increasing the
amount of form amide. This modi fication would have gotten rid of more of the probes
which had non-specifically bound to the DNA on the slides. Finally, the prehybridization
could have been made with more salmon sperm DNA and even a detergent added, so as
to prevent even more non-specific binding of the probe.
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